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ABSTRACT 


Sound of constant amplitude and frequency was trans- 
mitted simultaneously in three orthogonal beams over a 
distance of 1.5 meters in the upper ocean. Time records 
of the resulting phase and amplitude fluctuations of the 
sound beams were studied by means of auto and cross spectral 
analysis and correlation. The time lag between correspond- 
mG peels GE Ee phase: fluctuation autocorrelation functions 
of vertical and horizontal beams indicate movement of in- 
homogeneities between the sound fields due to water particle 
motion caused by surface wave action. Envelope correlation 
times of the phase fluctuations are found to be approximately 
one-half as great in the mixed layer as in the thermocline, 
and are greater in the vertical than in the horizontal 
direction in the thermocline.  Anisotropy in the thermo- 
cline is also indicated by the variance of phase fluctuation 
being greater for sound paths in the horizontal than in the 
vertical direction. The autocorrelation functions of 
amplitude and phase fluctuations in any one direction are 


similar. 
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1. INTRODUCTION 


A. BACKGROUND AND OBJECTIVES 

When a sound wave is propogated in the upper layers of 
the ocean, both its amplitude and phase fluctuate. These 
fluctuations result from the motion of the medium in- 
homogeneities in the sound path, and motion of the medium 
itself.  Relatively little study has been done in the 
relationship between the ocean microstructure and sonic 
fluctuations. This situation exists because early re- 
search on the interaction of sound and the ocean medium 
concentrated on the effect of the ocean medium on the sound 
wave's intensity only; it wasn't felt necessary to inquire 
about how the sound beam's amplitude and phase responded 
to the medium. However, a knowledge of how the ocean medium 
effects the phase and amplitude of a sound beam would now 
be useful from two standpoints. Devices are being developed 
for use in the ocean that utilize sound amplitude and phase 
information (acoustic imaging devices, underwater communica- 
tion devices etc.) A knowledge of the effects of the ocean 
medium on the sound amplitude and phase is therefore 
mandatory. A knowledge of the relationship between the 
nature of the ocean's microstructure and the amplitude and 
phase fluctuation of a sound beam passing through that med- 
ium could enable one to derive information about the ocean 


microstructure by measuring such fluctuations. 
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The objective of this thesis was to take in-situ 
acoustical measurements over a range of approximately 1.5 
meters in the near surface region of the ocean in order to 
study the relationship between sound phase and amplitude 
fluctuations and the nature of the medium. То do this, a 
constant frequency, constant amplitude sound beam was 
transmitted in each of three orthogonal directions 
simultaneously. Measurements of the position of the thermo- 
cline, swell magnitude and direction, and other environmental 
parameters were made. Spectral analysis and cross-spectral 
analysis are performed on the resulting phase and amplitude 
fluctuation records, and the sound phase and amplitude 


mEuctuations are related to the behavior of the medium. 


B. CAUSES OF FLUCTUATIONS 

When a continuous sound beam of constant frequency and 
constant amplitude is transmitted through a volume of ocean, 
it τε found that the sound beam arriving at a receiver 
placed some distance from the transmitter will have a 
fluctuating amplitude and a fluctuating phase. . The causes 
of these fluctuations are described below. 

l. Sound Amplitude Fluctuations 

A sound beam traveling through an ocean medium 

encounters temperature and salinity inhomogeneities and 
"patches" of small bubbles of various sizes. The in- 
homogeneities and patches vary spatially with the motion 


of the medium (Medwin, 1970). The inhomogeneities present 


ЕЗ 





a change in acoustic impedance, rho:C, to the sound beam, 
and the beam is partially reflected from the inhomogeneity, 
and partially transmitted through the inhomogeneity at 
some refraction angle. If a sound beam traveled through 
an ocean volume in which the inhomogeneities and bubble 
patches were "frozen" in place, reflection and refraction 
would still take place, but the received sound beam would 
have a constant amplitude. However, when the "frozen" 
inhomogeneities are allowed to move about, to move into 
and out of the sound beam's path, then the reflection and 
tion cof the sound beam changes with time, and hence 
the received sound amplitude will fluctuate accordingly. 
The motion of temperature and salinity inhomogeneities and 
bubble patches into and out of the sound beam's path causes 
sound amplitude fluctuation, due to the sound beam being 
both reflected and refracted by the changing acoustic im- 
pedance of the medium. The extent of the fluctuations 
depend upon the impedance mismatch between the medium and 
the inhomogeneities, size and shape of the inhomogeneities 
or patches, and the frequency with which they move into 
and out of the beam's Sa 

The bubbles mentioned above can have another effect 
on the sound beam. If the moving bubbles have a resonant 
frequency at or near the frequency of the sound beam, then 
the bubbles will resonate, absorb and scatter the incident 
sound beam. This reduces the sound beam's intensity, and 


causes the amplitude to fluctuate with time. 
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2. Sound Phase Fluctuation 

A fluctuation in phase of the received sound beam 
results from a change in the integrated speed of sound 
propagation, C, between the source and the receiver. Such 
a change in C in the ocean results from the following: 

a. A change in temperature, salinity, and/or the 
resonant bubble population in the volume of water through 
which the sound beam is traveling will effect the speed C. 
This will occur when temperature or salinity inhomogeneities 
and/or resonant bubbles move into or out of the path of 
the sound beam. 

b. Motion of the medium with a vector component 
in the direction of sound propagation will add to or sub- 
се: from C (doppler shift). The entire ocean is in 
constant motion; the predominant motion encountered in 
the surface layers of the ocean is generally orbital motion 
due to surface wave action. 

3. Sound Amplitude and Phase Fluctuation 

The cause and effect relationship of the ocean 
medium and sound amplitude and phase fluctuations can be 
summarized as follows: | 

If a sound source and receiver are positioned in 
the upper layer of the ocean, the orbital motion of the 
νυ water between the source and receiver (in response 
to the surface wave action) carries temperature and salin- 
ity inhomogeneities and varying bubble populations into 


and our of the sound beam's path. Amplitude fluctuation 
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results due to scattering and refraction of the sound beam 
as it encounters the differing acoustic impedance of the 
inhomogeneities and bubble patches. Phase fluctuation 
occurs due to a change in the integrated speed of sound 
between the source and the receiver, and also due to the 
medium velocity component in the direction of sound 


propagation. 
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TET EXPERIMENT 


E OBJECTIVE OFPSTHE EXPERIMENT 

The objective of the experiment was to propagate 
constant amplitude, constant frequency acoustic signals 
in three orthogonal directions simultaneously at various 
depths in the upper layer of the ocean, and to record the 
resulting amplitude and phase fluctuations. Frequencies 


used in the experiment were 65 kHZ, and 105 kHZ. 


В. INSTRUMENTATION 
1. The Frame 
a. Construction 
A. rigid frame was constructed in order to mount 
the transducers and hydrophones in a 3-dimensional 
configuration. Figure 1 is a photograph of a model of the 
frame, showing the orientation of the X, Y, and Z directions. 
Figure 2 is a schematic drawing of the sound fields. 
Figure 3 is a photograph of the actual frame in position 
Erz periment site. The frame was constructed of 
aluminum pipe with steel joints. The frame was designed 
to be disassembled for τν. The fully assembled 
frame, less instrumentation, weighed approximately 300 15. 
b. Reflective Noise Considerations 
Since it was the objective of the experiment 


to measure the phase and amplitude fluctuation of a sound 
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PHOTOGRAPH OF MODEL OF FRAME 


FIGURE 1 
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beam traveling a direct path between the transducer and 
the hydrophone, it was necessary to eliminate any re- 
flected sound. Pulse-echo testing of the frame configura- 
tion revealed points of specular reflection on the frame; 
acoustic absorbant rubber was affixed to the frame at these 
points, and all such reflections were reduced to at least 
30 dB below the direct signal level. 
C. Wire Tension Considerations 

Scattering interference considerations neces- 
sitated mounting the hydrophones on small diameter wire. 
Such mounting caused vibration problems, however, which 
arose from Karman-vortex shedding as water flowed past 
the wires. Vibration of the mounting wire could cause an 
accelerometer effect in the hydrophone response, and more 
importantly, it could cause a false fluctuation in the 
received signal. This problem was decreased by maximizing 
the tension of the wires. 

2. Selection of Transducers (Sources) 
Since the experiment was to be performed in a 

frequency range from 65КН2 to 105 kHZ, a transducer with 
a well documented transmit-response in this range, and a 
reasonable degree of directivity was needed. One USRD 
type F-33 transducer and two USRD type F-41 transducers 


were chosen.  Transmit responses for these transducers are: 
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TRANSDUCER 65 kHZ HOS KHZ 
Des 37aB 48dB 
Е-41 37ав 49dB 
dB reference 1 microbar/volt at 1 meter 
3. Selection of Hydrophones 
A hydrophone with a flat receiving sensitivity іп 
the frequency range of interest was the LC-10. Its 
measured sensitivity was: 
65 КН? LO5kHZ 
LOGE -1103B 
dB reference 1 volt/microbar 
4. Circuit for Amplitude Fluctuation Detection 
Figure 4 is a block diagram of the instrumentation 
used to measure amplitude and phase fluctuation. The phase 
fluctuation detection circuit is described in section II 
B-5. Amplitude fluctuation detection is described in the 
following. 
a. Wave Synthesizer 
A General Radio Wave Synthesizer, model 1162-A 
was used to generate a constant frequency, constant am- 
plitude signal. The output of the synthesizer was divided, 
part of it going to a Hewlett/Packard amplifier, model 
467A and then to the transducer, and part going to the 
phase meter as a reference signal for the phase fluctuation 


measurement. (section 5) 
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b. Transducers 
The transducers (F-33 or F-41) transmitted 
an acoustic signal through the medium to the LC-10 
hydrophone. One LC-10 hydrophone was used in each of the 
three channels, X, Y, and 2. 
Es Pre-amplifier 
The LC-10 generated a low level voltage which 
was pre-amplified by a NUS constant gain pre-amplifier. 
One NUS pre-amplifier was used in each channel. Two models 
of the NUS pre-amp. were used, model 2010 which had a 
gain of approximately 30 dB, and model 2030 which had a 
gain of approximately 20 dB. 
d. Filters 
The signal was filtered by means of a Krohn- 
Hite filter. One filter was used in each channel: two 
model 3322's and one model 3342 were used. The signal was 
Bee Bass filtered at +300 HZ on either side of the carrier 
frequency. The filter has a +20 and +40 dB gain option. 
e. Envelope Detector 
The Filtered Signal mete then passed through 
an envelope detector, which is shown schematically in 
figure 5. The envelope detector provided full wave 
rectification and low-pass filtering to remove the carrier 
Signal. The response of this envelope detector was non- 
linear at low input voltages levels. That is, the output 
of the envelope detector was not proportional to the 


envelope of the modulated input voltage at low input 
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mitage levels} Wath the aid)» of a computer, a 5th order 
polynomial curve was fitted to the. empirically determined 
response of the envelope detector. This curve related 
input AC voltage, measured in volts peak-to-peak, to out- 
put DC volts. One envelope detector was used in each 
direction, and a response curve was computed for each. 
f. Differential Amplifier 

The output of the envelope detector was a 
fluctuating voltage representing the fluctuations of: the 
incoming acoustic signal. This envelope had a DC com- 
ponent which had to be removed prior to amplification. 
This DC voltage removal was οπου «μες with a dif- 
ferential amplifier, which took the difference of two in- 
put voltages and amplified it. One input to the dif- 
ferential amplifier was a DC voltage equal to the DC 
voltage to be removed from the envelope. The other input 
was the envelope itself. One differential amplifier was 
used in each channel. Two of the differential amplifiers 
were Princeton Applied Research Amplifiers, model TM-113, 
which has a variable output SOM Eu and a band-pass 
filter option. Maximum input voltage to the PAR amplifier 
is 0.5 volts. The other differential amplifier was a 
Hewlett/Packard model 2470A, which has a variable output 
gain control. Maximum input voltage to the Hewlett/Packard 
amplifier is 20 volts. The constant DC input voltage was 
supplied by a Hewlett/Packard model 721A power supply. A 


"Heli-pot" potentiometer was used to achieve accurate and 
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Stable DC voltages. A X10 gain was applied to the output 
of all three channels by the variable gain of the dif- 
ferential amplifiers. 

Gee Tapew Recorder 

The amplified envelope was then recorded on а 
Precision Instrument model PI-6200 8-track magnetic tape 
recorder. 

Figure 6 illustrates the progress of an in- 
coming signal from the wave synthesizer to the tape 
recorder. 

5. Circuit for Phase Fluctuation Detection 
a. Phase Meter 

After the signal was band-pass filtered, it 
was divided, and part of the signal was fed into a phase- 
meter. One phase-meter was used in each channel. Three 
different types of phase meter were used:  Dranetz Phase- 
Meter Model 305-PA-3001, Dranetz Phase-Meter Model 305-PA- 
3002, and a Wiltron Phase-Meter. The phase-meter detected 
the phase difference between añ input signal and a reference 
signal of the same frequency. The reference signal used 
was the input signal from the wave synthesizer. The out- 
put voltage of the phase-meter was proportional to the phase 
difference between the input and the reference signal. One 
degree of phase difference equals ten millivolts. The 
phase meter's output voltage was recorded on the 8-track 


tape recorder. 
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КОО LOCATION OF EXPERIMENT 

The experiment was carried out at the Naval Undersea 
Research and Development Center Oceanographic Research 
Tower, located approximately one mile off Mission Beach, 
near San Diego, California. The NUC Tower provided a 
ridigly fixed platform in the ocean which allowed con- 
tinuous data accumulation and monitoring. Figure 7 is a 
photograph of the tower. It is fixed by supporting pins 
driven 63 feet into the ocean floor. Electrical power 
is supplied from the shore, thus insuring a power supply 
of relatively stable voltages and frequency. The tower 
is located de approximately 60 feet of water over a Sand 
bottom. Тһе instrumentation frame shown in Figure 2 was 
mounted on a six foot cube box standoff which was fixed 
to a sled. Figure 3 is a photograph of the frame mounted 
on the sled on the tower. The X axis was oriented in a 
due westerly direction. The sled was attached to a set 
of rails which extended from the working area of the tower 
to the ocean floor. The frame was raised and lowered on 
the rails by means Er an aera esi ly driven winch, and 


could be positioned at any depth. 


D. INTERFERENCE FROM NEIGHBORING EXPERIMENT 

A separate E was being carried out at the NUC 
tower in the proximity of this experiment. The neighboring 
experiment generated acoustic impulses every second from a 


transducer positioned near the bottom beneath the tower. 
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Е acoustic impulses were detected by the LC-10 hy- 
drophones of this experiment. The means of reducing this 


Noise effect is described in section ТТТЬ.2. 


E. ENVIRONMENTAL CONDITIONS | 

The experiment was performed on the 8th and 9th of 
June, 1972. The prevailing environmental conditions are 
listed in Table I. Of particular note was the presence 
of swell waves and internal waves. The swell waves were 
approximately 4 ft, peak to trough, from the southwest, 
and with a period of approximately 15 seconds. The swell 
waves persisted throughout the experiment. The presence of 
internal waves was noted in the long term temperature 
fluctuations which were observed at various depths from 
= June to 9 June. ese long term temperature fluctuations 
had a period of approximately 6 - 12 minutes. The presence 
of internal waves was also implied by the varying depth of 
the thermocline during the experiment. 

Tuna and other fish were noted in the vicinity of the 


tower during the experiment. 


EP. CONDUCT OF THE EXPERIMENT 
1. Choice of Record Length 
A "run" consisted of radiating constant amplitude, 
constant frequency sound in three orthogonal directions 
simultaneously for approximately 20 minutes. The 20 minute 
run time interval was decided upon for the following reasons. 


Preliminary tests had shown that the sound amplitude and 


31 














MS 09 y отг С ВЕ 8'81 0001 SOT 8-Hd 
MS 001 8 SZ νε, οι S€60 SOT L-Hd 
MSM 001 y Ore S9°8T SPI 1980 SOT 9-Hd 
MS 001 y SEZ LL'81 6'L1 | ££61 G9 G-Hd 
MS 001 L вас 76781 2°8٠ 0681 G9 y-Hd 
MS 001 9 сес Tel 2781 0081 G9 € -Hd 
MSM 001 6 obz 02°8٠ 2761 ?<9Т G9 2-на 
M 001 8 OPC G6°8T 9761 0091 SOT/S9 g VISI 
à SIX “sua “о το 

"хта YIAOD das ° ` NAL алаш, 
TISMS апото ANIM ANIM ` Ding чту INTL ZHX "ON 
UAHLVAM GAAUASAO LUWLS Osa мач 





2461 ANNL 6 


“8 “SNOILIGNOD IVLNAWNOYIANI YAMOL HOUVESHY DAN 


I ππανα, 


32 





59 
СӘ 
c9 


СЭ 


05/19 
95/99 95/59 
86/69 22/29 


ус /69 ОЕ/ТА 


σος 7789. 


06/79 ШЕ 8_Hd 


@Əéeé— 5 5 К 5 5 се 555 5 5 5 5 5 ο [5 J J u. u... ul u. TL Rams 


do 
(1409 = HEGE) 
“айя, WOLLOg 


Ll Яо 


HLdad/dwad 


YAAWI UNE 


AA άμμου μου анаан μμ wr А Аны ры алынаарына нныбы-иаытарыанабинти, 


τε/το TÉ L-Hd 
82/79 TL 9-на 
61/89 . 89 G-Hd 
81/ TU cL р-на 
91/0L | 04 € -Hd 
θε τὰ vL 2-на 
Om ca a zL а‘чт-на 
du do do 

нљгала/аниа * INHL 

НиТ LSTI ° NOS "ON 
viva Lg NOS 


(` LNO2Ə) I та 


33 





phase fluetuations had a strong component frequency of 
approximately .06 HZ (corresponding to a period of about 
15 seconds). Also, evidence of internal waves was ob- 
served in the preliminary fluctuation records in the form 
of long term amplitude and phase fluctuation; these long 
term fluctuations had periods of approximately 6-12 minutes. 
AUN length long enough to record the internal wave effect 
would have to include several cycles, minimally 30-40 
minutes. However, experiment time constraints and computer 
processing limitations made it necessary to limit runs to 
20 minutes. This record length would allow resolution of 
the 15 second surface wave effect, and identification of 
the long period internal wave a However, little 
analytical information could be derived concerning the 
latter. 
2. Choice of Frequencies 

Two Frequencies were chosen for this experiment, 
65 kHZ, and 105 kHZ. It has been found by Medwin (1970) 
that the bubble population in the upper ocean contains a 
large number of bubbles that are DE at reales 
around 60 kHZ. Τη previous experiments PysRautmann (1971), 
it was found that a peak dispersion of the sound speed 
occurs around 65 kHZ; this dispersion was attributed to 
the presence (and resonance) of bubbles in the medium. 
This dispersive effect results in speeds that may be as 
much as 8 or 10 meters/second above or below the empiri- 


cally predicted or velocimeter measured values. Near this 
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frequency the variance of the phase fluctuation is also 
E large. А: 105 Кна, this dispersive effect and the 
large variance of the phase fluctuation is negligible. 

It was decided to run the experiment at 65 kHZ 
and 105 kHZ in order to observe amplitude and phase 
fluctuations in a bubble affected and a non-bubble affected 
region. 

3. Bathythermograph 

A bathythermograph was taken during each run to 
obtain a representative gross temperature structure of 
the medium. The BT drop was made from the tower, ap- 
proximately 40 feet from the frame. 

4. Summary of Runs 
Runs were performed at several depths between the 


surface and the bottom, at the two frequencies, 65 kHZ 


- 


~ 


and 105 kHZ. These runs were performed during the afternoon 
and evening of 8 June and the morning of 9 June. 


Table 11 is a summary of the runs. 
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III. SIGNAL PROCESSING 


The data gathered during the experiment were in the 
form of varying analog voltage records recorded on six 
channels of 1/4 inch magnetic tape (X,Y, and Z direction 
phase fluctuations, and X, Y, and Z direction amplitude 


fluctuations). 


A. DIGITIZATION 

The data were digitized using a COMCOR 5000 - SDS - 
FO ybrid computer system of the Electrical Engineering 
Department, Naval Postgraduate School. It was observed 
from the time records that the data were generally band- 
limited to en 4 HZ. А sampling rate of 50 HZ 
was used in the digitization process to minimize aliasing. 
At no time were the fluctuation records low-pass filtered. 
Such filtering was avoided to prevent non-linear phase 
shifting of the signal's component frequencies, which could 
result in errors in the cross-spectral analysis. A sampling 
pulse width of 0.1 millisecond was used, and the digitized 
data were blocked in records of 512 samples each. The 
digitization process produced a 7-track magnetic tape in 


octal motation, with the six channels multiplexed. 


B. CONVERSION OF DATA 
In order to process the digitized data on the Naval 


Postgraduate School's IBM 360 computer, the 7-track octal 
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notation tape was converted to 9-track, hexadecimal format, 
demultiplexed tape. In this process of conversion, scaling 
and "clipping" were also accomplished. The conversion 
program is listed on page 234. 
1. Scaling of Data 

During the conversion process, it was necessary 
O Seale all of the channels. The X, Y, and Z direction 
phase fluctuation channels were scaled by 0.1 to compensate 
for the gain of the digitization process and to convert 
Bm volts to degrees of Г difference. The scaling 
applied to the X, Y, and Z direction amplitude fluctuations 
was more involved. The aim in this case was to convert 
the voltage records to acoustic pressures at the hydro- 
phones for each channel. This was accomplished by com- 
puting a channel gain for each channel, based on the gain 
of each of the equipments. The polynomial curves described 
in Section IIa4.e, were employed here to describe the response 
of the envelope detectors. A channel was scaled as follows: 
for a particular channel, the DC nulling voltage (which 
was removed by the и NE) was added to 
the signal; the channel gain is then applied. It was also 
disired to normalize all three channels of amplitude 
fluctuation to a common source level and a common trans- 
ducer separation distance so that comparison of channels 
would be more meaningful. The above sequi - channel gain, 
source level normalization, separation distance normaliza- 


tion - was combined into one overall gain factor which was 
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applied to the X, Y, and Z amplitude fluctuation channels. 
i Gain factor was different for each channel and for 
each run. 

When the analysis was completed, 1t became evident 
that the scaling was in error, and unfortunately the 
actual values of the pressure levels at the hydrophones 
were unrecoverable from the data. 

2. Clipping of Spikes 

In many of the amplitude fluctuation records there 
were numerous voltage "spikes', caused by radiation from 
the research project mentioned in Section IID which was 
being conducted in the proximity of this experiment. In 
addition to this source of noise, there were extraneous 
voltage spikes which either originated in the electronics 
of the equipment, or resulted from a physical impulse shock 
to the system. Many of these spikes were removed from the 
time records during the digitization process. Many of 
those which remained in the digitized time records were 
removed by means of a simple "clipper" routine in the 
CONVERT program. When an Eme tom Spike was encountered 
in the a, the previous non-spike value was substituted 
for it. A threshold spike detection level had to be es- 
tablished for the routine; the level had to be low enough 
to detect the presence of a spike, but large enough so 
that actual data would not be interpreted as spikes. It 
was therefore impossible to remove all of the spikes from 


the time records. Samples of the time signals showing 
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the "raw" data and the "clipped" data are shown in Figures 


Бела 9. (Note different ordinate scales) 


©. ANALYSIS OF DATA 
l. Analysis Scheme 

Spectral and cross-spectral analysis of the fluc- 
tuation records was carried out as follows: 

a. Mean Removal and De-trending 

The first operations performed on each time 

record were removal of the mean value of the record and 
the removal of any linear trend of the record. The mean 
value (DC value) was removed so that in the succeeding 
analysis, the fluctuations of the signal alone would 
determine the nature ofsther results, and so that comparison 
of two different records would be meaningful. Removal 
of the linear trend of a record was accomplished by sub- 
tracting from the time record the least-mean-square fit 
of the record. This was done to remove any long term linear 
change of the signal. Such a change would have resulted 
met trom the effects of the medium, but from instabilities 
in the electronics of the detecting circuits. The mean 
removal and the de-trending were accomplished by subroutine 
AVERAGE, and TREND in the analysis package. 

b. Autocovariance Function 

An autocovariance function was computed from 

a time record by a "multiply and add" process described 


Dy: 
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R (t) = ЕХ. X; 
x N-4 i=] 1 1+4 
where N = total number of points in record 
4 = time lag 
c. Power Sprectral Density 


Using the Wiener-Khinchine relation, the auto- 
covariance function was Fourier transformed to produce a 


power spectral density 


T, 
G. (f) = a A ай 


where С, (#) Power Spectral Density 


Е = Erequency 
+ = time lag 
R(+) = Autocovariance Function 
L = Total time lag of Autocovariance 


A Parzen window was applied to the auto- 
covariance function prior to transformation for smoothing 
с спенвонет spectral densities.: 

d. The Cross-Covariance Function 

A cross-covariance function of two channels of 
interest (e.g. phase and amplitude fluctuations in the 
same direction for the same run, or phase fluctuation in 
two different directions for the same run) was computed. 
uc net) = E the two parts of the cross- 


covariance function were computed for positive time delays: 
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e. The Cross-Spectral Density 
The cross-spectral density was then computed 
by computing the cospectral density E and the quad- 


spectral sensity ο, as follows: 


L 
(ғ) 21 Ry (0) + Ке, (-t)] cos (2mft) at 


С 
ху M 


o 


O, (E) 


2% REE Е Ву (-4)] sin (21f£t) d+ 


A Parzen window was applied to the cross-covariance function 
Prior to transformation for smoothing of the resulting 
spectral densities. The cospectral density and the quad- 
spectral density were combined to form the cross-spectral 


coherence function, and the cross-spectral phase angle: 


2 2 
Су (6001 (2) 


Coherence = nn اال‎ ` 
С. (f) Gy (f) 
ης i) 
Phase Angle = Tan EE ts 
fT (E 


f. Display of Results 
The computer program used to make the above 
@escribed computations is listed on pages 234 through 252. 


Various functions are plotted by this program: 
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rye onn ction - The autocovariance 


function normalized with respect to the + = 0 
value 
Cross-Correlation Function - The cross- 


сомакјапсе function normalized with respect 
Ес һе СДП е root of the product of the 

+ = 0 value of the component autocovariance 
functions 

Auto-Spectrum Level - 10104,0 (power spectral 
density), in units of dB, reference degrees 
for phase fluctuation record. Relative dB 


are used for amplitude fluctuation records. 


coherence Function = as described in Section 
d. above 
Cross-Spectral Phase Angle - as described in 


/ 


Section d. above 
2. Parameters of Analysis 
a. Sampling Interval 
The analog voltage signals were sampled at 
50 HZ when digitized. This ss ing rate was chosen to 
insure that no aliasing of high frequencies occured. A 
trial spectral analysis of a typical amplitude fluctuation 
record revealed that the majority of the energy of the 
spectrum was at frequencies less than 2 HZ. In order to 
reduce the amount of computer core requirements and computer 


теле 50 HZ digitized data were sampled at every 8th 


point. This process effectively sampled the original time 
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Mienñal at 6.125 HZ, with a sampling interval of 0.16 
seconds. 
b. Resolution 
The resolution bandwidth of the power spectra 
is related to the autocovariance lag time and sampling 


interval by: 


1 
(NLAG) At 


Af 


where NLAG = maximum number of time lags 
At = sampling interval 
(ресе ОЕ Freedom 
The number of degrees of freedom of the power 


spectra is defined as 


igh c= 2N _ N = sample size 
NLAG ' Е 


Degrees of freedom are an indication of the normalized 


 апдагд еггог in the variance 


Cao = 
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IV. ANALYSIS OF DATA 


КОКЕ RESOLUTION BANDWIDTH AND DEGREES OF FREEDOM 

In computing each of the autocovariance functions, 
256 time lags were taken, each lag increment being .16 
Seconds. Total lag time was therefore equal to 256X 
.16 = 81.96 seconds. Therefore, the resolution bandwidth 


of each power spectrum was 


E 1 ' l _ 
и 16) - 0442 E? 


The sample size of the time record for the majority 
I кипс was 6656 points, At = 0.16 seconds. This represent- 
ed approximately 17 minutes of record. The number of 


Hegrees of freedom of runs of this length was 


МАС 512 


and the normalized standard error for the variance was 


= 11077 = .278 


ще 


Runs that were shorter than 6656 samples had correspondingly 


smaller degrees of freedom, and are so noted in the Summary 


of Runs, Table II. 


B. OVERVIEW OF ANALYSIS RESULTS 
Six channels of data (X, Y, ahd Z phase fluctuations, 


and X, Y, and Z amplitude fluctuations) were recorded for 
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 Перепе at frequency 65 kHZ, and 4 depths at 105 kHz. 

For various reasons, the data of several of the channels 
were of poor quality or were non-existant when played 
beck. These bad channels were due to the presence of high 
background noise, and equipment/operator malfunction. 

The interpretations set forth in the following sections 
are based on fluctuation records: which were relatively 
free of noise, and, in the experimenter's best judgment, 
reflected the effect of the medium on the sound beam. 

One can see from Table II that a large quantity of 
data were gathered during this experiment. Time limit- 
ations prevented examination of many of the different 
aspects and implications of this data. Some of the 
more obvious features of the data are discussed in the 
following sections. This coverage is by no means extensive, 
ШІП ІС 15 adequate to point out that much information 
about the medium can be derived from a statistical study 


of sound amplitude and phase fluctuations. 


e INITIAL OBSERVATIONS AND INTERPRETATION OF SPECTRAL 
ANALYSIS | 
The time records and the results of analysis of a 
typical pair of phase fluctuation channels are presented 
as figures 10 - 14. The two channels analyzed are the 
phase fluctuations in the Y and Z direction of run PH-4 


at a depth of 18.8 feet, with a transmission frequency 


Of 65 kHZ. 
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TEMPORAL CROSS-CORRELATION FUNCTION 
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I. Autocorrelation Function 
a. Frequency Content 

In Figure 11, observe that there are three 
predominant periodicities in these autocorrelation functions. 

(1) Low Frequency 

A very low frequency periodicity can be 

observed: only about one quarter of a cycle is included 
ШІ Епс 81 second lag time. The period of this long term 
fluctuation which is approximately 6 minutes is Substan- 
tiated by Figure 13. It is believed that this long term 
fluctuation is the response of the sound phase to temp- 
erature changes due to internal waves. One can also ob- 
serve this internal wave effect in the time records. As 
the medium's mean temperature fluctuates in response to 
the passage of an internal wave, the sound speed, and 
hence the phase also fluctuates. 

(2) Surface Wave Frequency 

The most obvious periodicity of the auto- 

Correlation function is the one which recurs approximately 
every 16 seconds. This 16 —Á periodicity appears in 
both EN i esr gon functions Of ΕἸΠΕ, indeed, it 
appears in all autocorrelation functions of this experiment. 
As stated before, the observed periods of the surface 
swell waves was also about 16 seconds. It is believed 
that orbital motion of the medium, in direct response to 
the surface wave action, caused temperature and salinity 


inhomogeneities and bubble patches to pass into and out 


25 





of the sound field in a periodic manner. This movement 
causes the phase and amplitude of the sound beam to 
mimetuate, aS explained in Section I.B. 
(3) High Frequencies 
There is an unsteady, low level 2 to 8 HZ 
fluctuation superimposed on the autocorrelation function. 
This may be the result of fine structure of the medium 
inhomogeneities or partly due to random motion of the 
medium, or system noise. 
b. Initial Drop in Autocorrelation Function 
There is a sharp drop in the autocorrelation 
function at the first or second time lag. This initial 
drop is due to the presence of intermittant noise spikes 
in the corresponding time records which are spaced more 
than 81 seconds apart (the maximum time lag of the cor- 
Scion products). At the + = 0 value of the autocor- 
relation function all spikes in the time record are 
multiplied by themselves and added to the autocorrelation 
sum. For any other time lag, the spikes will not "line 
up" again, and the effect of ο... will be distri- 
buted over the entire autocorrelation function. 
2. Power Spectrum Levels 
Figure 12 shows the power spectrum levels which 
were obtained by Fourier transforming the autocovariance 
function, and then applying the operation of 1010410 to 
eae transforme The-6 minute period (.003 HZ) component 


is less than our resolution (.01 H2). Its effect appears 


(л 
Ол 





ИЕ 15 unresolvable in the frequency range 0 - 0.015 HZ. 
The strong frequency component due to surface swell is 
observed at approximately .065 HZ in the spectra for both 
the Y and Z directions. Components at higher frequencies 
are at least 10 dB down from the spectrum level of the 
Е = .065 HZ component, and probably represent the effect 
of other sea surface components, and noise of the system. 
νο Correlation Function 

The cross-correlation function shows a strong 
cross-correlation between the two signals at about 16 
second intervals. The envelope of the 16 second period- 
icities suggests that a 6 minute cross-correlation 
periodicity also exists. However, this cannot be veri- 
fied due to the relatively short lag time. 

4.  Coherence 

If the Y direction phase fluctuation and the Z 
direction fluctuations were completely unrelated, the 
coherence function would be equal to zero. If the co- 
herence function equals 1, the two channels are completely 
correlated and are linearly села ына. In general, if the 
coherence function 15 greater than zero but less than 
unity, one or more of the following three situations 
exists: 

a. Extraneous noise is present in the measurements 
of either or both channels. 

b. Тһе relationship between the Z phase fluctuation 


and the Y phase fluctuation is not linear. 
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c. There are inhomogeneities or bubble patches 
ENrecting one channel which do not effect the other channel; 
meat is, the propogation is not isotropic. | 

The coherence function shown in Figure 14 ranges 
ELO to 0.75; no coherence function computed in this 
experiment exceeded 0.8. Of the three situations listed 
above, situation C is the one most likely to have caused 
the coherence to be less than unity. 

As might be expected from observing the similar- 
ities of the autocorrelation functions, the coherence 
function has a relative maximum value at frequencies of 
EN imately .005, «065, .085, .125, and .170 HZ, the 
strongest maximum being.at .065 HZ. These frequencies 
correspond to frequencies which are common to the two 
channels, the .065 HZ frequency being the strongest common 
frequency. 

5. Cross-Spectral Phase Angle 

The cross-spectral phase angle function has signi- 
ficance only at frequencies for which the coherence is 
eater than zero. For Buon at .065 HZ, where the 
EsDerence equals .75, the phase angle equals -30%. This 
measurement can be explained in the following way:  Ob- 
serve the alignment of the l6 second peaks of the two auto- 
correlation functions, Figure 11. Careful measurement of 
the time lag value associated with corresponding peaks 
shows that the Z peak always precedes the Y peak by 1 to 


1.5 seconds. In other words, the correlation peaks of the 
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вес fluctuation channel leads the correlation peaks 
ου ου fluctuation channel by 1 to 1.5 seconds. Es- 
sentially the same changes of medium took place in the Y 
and Z directions but they are happening 1 to 1.5 seconds 
Sher in the Z direction. The frequency of this fluc- 
tuation is about .065 HZ; at this frequency, 1.5 seconds 
corresponds to approximately 30°. Therefore the cross- 
spectral phase angle is a measure of the phase difference 
between the two channels in question, at a particular 
fluctuation frequency. 

The fact that there is a phase difference in the 
occurance of the phase fluctuation of the sound beam in 
the Y and Z directions as shown by the cross-spectral phase 
angle, or by direct measurement of the time lag between 
peaks of the autocorrelation functions, indicates that 
moving inhomogeneities are causing the l6 second period 
fluctuations. It is suggested that it takes a particular 
patch of water on the order of l or 1.5 seconds to move 
from the axis of the Y direction sound field into the axis 
of the Z direction m. field, A distance of approximately 
one meter; this implies a speed Of approximately 65 to 
100 centimeters per second. Fringe field interaction 
would occur at about one-half meter at half this speed. 
From the swell wave point of view, if the motion were 
solely orbital at frequency 0.065 HZ and amplitude of 


about 50 cm. (this was the amplitude of the observed 
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swell), the orbital velocity would be approximately 25 
cm/second. The moving patch explanation appears to be 
Emite reasonable. 

It was found that a phase difference in the oc- 
curance of the 16 second sound phase fluctuation between 
the Y and Z directions was common. Table III shows the 
cross-spectral phase angle of the fluctuations for several 
runs. There is consistancy in the magnitude of the angle 
but not in the sign. This can be explained by the random- 
ness of whether, for example, a hot patch starts from the 
Eus field or the 2 ia field position at the beginning 
of the run; this position is of course random, so that the 


sign of the phase would be random. 


ШІ CORRELATION TIME AS A FUNCTION OF THE SOUND FIELD'S 

RELATION TO THE THERMOCLINE 

For the purpose of this work, correlation time is 
defined as that time required for the envelope of the 
autocorrelation function to decay to l/e of its initial 
value. In cases where there is an initial drop D at the 
first lag value, t = .16 seconds, the correlation time is 
taken to be that time required for the envelope of the 
Butocorrelation function to decay to (1-D)/e. (See 
Section IV.C.1.b. for the explanation of the cause of 
steep initial drops in the autocorrelation function.) 

It is assumed that the speed of sound in the upper 


ocean is primarily a function of temperature and bubbles 


60 





Brass Spectral Phase Angle of Y and Z direction Phase 


TABLE III 


Шсецасіопс at Fluctuation Frequency 0.06 HZ 


RUN 


DEPTH 
FT. 
η 8 
18.8 
25 
26.8 
31 


ЕКЕО 
kHZ 
105 
65 
65 
105 


65 


СОН 


RS 
G 
270, 
=>. 


25 
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CROSS-OPECTRAD 
PHASE ANGLE 


“ΘΕ 


SOD 


Or 


== 


пе 


таро 1971). The periodic recurrance of a particular 
integrated speed of sound along a sound axis implies a 
Stable (not changing with time) temperature microstructure. 
The correlation time of sound phase fluctuations is an 
 ісагсісп of the periodic recurrance of the integrated 
speed of sound of the medium along the sound axis. A 
long correlation time indicates stability in the temperature 
structure of the medium in the vicinity of the sound field. 
In other words, a volume of water having a slowly changing 
(stable) temperature microstructure was moving through the 
Sound field with periodic motion in response to surface 
Wave action (orbital motion). Short correlation time in- 
dicates instability in the temperature microstructure; 
that is, the volume of water moving through the sound 
field periodically in response to surface wave action has 
a more rapidly changing temperature microstructure, re- 
sulting in a less periodic recurrance of an integrated 
Speed of sound along the sound axis. 

The behavior of the correlation times of phase fluc- 
Bustrons in the Y and Z dieere have been examined. 
It is shown that the ΛΔ; times of the phase 
fluctuations in the Y and Z directions were greater 
(greater stability of the medium) when the sound field 
was in the thermocline, than when it was in the well mixed 
layer. 

Figures 15 to 18 are diagrams of the termerature 


Structure of the ocean in the vicinity of the tower during 
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РФ ..Ππ» (1 ΕΕ, 65 ΚΗΘ), PH-3 (25 ft, 65 kHZ), PH-4 
ο ТГ, 65 KHZ), and PH-5 (7 ft, 65 kH2). The position 
of the Y and Z axes for each run is also indicated on the 
figures. This temperature structure varied during each 
run, as the thermocline moved up and down with the medium 
With a periodicity of 6 to 10 minutes. The temperature 
structure shown is probably fairly representative of the 
temperature that prevailed during the entire run, but 
EN" repsesesentative of the actual temperature struc- 
ture only at the precise time at which it was taken. 
Since the run durations were 1 1/2 to 3 times the internal 
wave periodicity, data processing gives average results 
over the changing medium. Figures 19, 20, 21, and 22, 
are the 17 minute time records of the channels of interest 
ЈЕ runs PH-2,3,4, and 5. A star on each time record marks 
the time the BT was taken. During run PH-5 (7 ft, 65 KHZ), 
the Z axis was located well within the well mixed isothermal 
Mayer. During run PH-4 (18.8 ft, 65 kHZ) and Y апа 7 
axes were located in the vicinity of the boundary between 
the. surface layer and the first' thermocline.: During run 
ЕЕЕ! (25 ІС, 65 ЕН2), and PH-2 (31 ft, 65 КН?) the Y and 
Z axes were located in a thermocline. 

The autocorrelation function of these runs are shown 
in Figures 23, 24, 25, and 26. The corrected correlation 


times are plotted as a function of depth, and as a function 


67 





2 Γι ol LON PHASE FLUCTUATIONS 


ΚΘ 


| - а Т sa ІШІ! 





го + DUE | hi Т πα 1 | 
e “in nl t K B бү | 31 li. TE | НЕ ШН "m 
Hi 5 | | | Tom EET пр т Misc i BELT 
at Pun | | BT nu f) | 
| ^ n || | n" | 
1 РА a A 


time -mini 


F DTPRECTION PHASE FLUCTUATIONS 





| ІШ ү 


г ОСТА, 


K U ES A ;..-.--------.-ᾱ-------.---ῳ 
О | 3 | 10 T9 
* time-min. 


RUN PH-2, FREQ.=65kHZ, Y-AXIS DEPTH=31 ft. 


FIGURE 19 


68 





i 
t. 
с 
ο 
> 
i 
(2 
> 
“ 
` 
A ; 
+. b: Jaa i 
abe) P. A 
АД МУЧНА a MS 
F ^ 3 si 2 ҮТ А { Ма” 
| vol’ y Yes РМ. 
E EMS Е NE. ë . А | ? 
3 је `! | í А Гал ne p Қ 


| ИТ 
.. { ) ή + > $ ғ e t ; Y 
5 \ ақауды V^ y 1 ας τίν ἡ | 


-- 
oe س‎ 
Ды 


а Јо] ل م ا‎ 
О ӘЛЕН | 10 15 
tıme-mın. 


Y-DIR. PHASE FLUC; RUN PH-3,25ft,65kHZ 


ta 


ү. 
Te N Vi 
^ АА? 


m А AA МАЛА, 
nn” 2 


SN a 
“А nf, ne Hle 


PU 


== 





SDE 
| 
| 
Р 
| 


+ ° | ΞΡ | 10 15 
NE ІІ. 


Z-DIR. PHASE FLUC; RUN PH-3, 25£t,65kHZ, 


FIGURE 20 


F”. — ---- : E . =a سي ل‎ ------ 


69 





Y -DIRECTION PHASE FLUCTUATIONS 


! 
η i ды | ІШ МА & ‚| háa ji | 


i im B ual αὶ | 


к sem ES И 


| 
| 
|| 


п т == 


О | 9 | 10 15 
time- min. 
E. ΙΙΙ PHASE FLUCTUATIONS 
| Akal n ΠΠ | МЕ T Pot 
| А АМ eh we ü In ar Pl А AMA 
o ТӨ Це; 


time-min. 


RUN PH-4, FREQ.=65kHZ, Y-AXIS DEPTH= 


FIGURE 21 


70 


A 


τ Le. 


ΠΠ viver] 





СС СОШО d 


“13 /=НїЇ4ЯП SIXV-A “ZHYSO=*O3MJT S-Hd NAY 


SNOIIVAIOSU седна котлона, 


‘UI - OWI} 


AA CA O A A . o ας 


seen Ач” 
^^ ААА αν hs АРУ 


^ mt ہر‎ ЕЕ que Na fI N αἱ, 


νων 


ἌΝΝΑ. 
: "ντο То 


τη 


218 
) 


чай 


ο) 


С; 


сз 
с) 


71 


С 
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TEMPORAL AUTOCORRELATION FUNCTION 


93 


505 


522 


(3 


\ 


N 


A PH 


V 


Le 952 95: 


un 


ко 


TIME LAG, SECONDS X10 


RUN PH-5, X-PHASE, Z-PHASE 
FREQ.=65kHZ, Y-AXIS DEPTH=7 ft. 


FIGURE 26 


75 





re distance from the Y axis sound field to the lower 
MEE of the surface mixed layer. (See Figure 27) It 
can be seen that the correlation times of runs PH-2 

КОШО 65 KHZ) and PH-3 (25 ft, 65 КН?) where the Y and 

Z axes were located well within the thermocline, is greater 
meee the correlation time of run PH-5 (7 ft, 65 KHZ), 
where the Y and Z axes were within the surface layer, and 
ПЕН -4 (18.8 ft, 65 kHZ), where the Y and Z axes were 
located in the transition region between the surface layer 
and the thermocline. It is believed that this behavior 

of the correlation time is due to the following. 

Measuring the decay time of the autocorrelation function 
envelope to (1-D)/e, vice the decay time of the’ 16 second 
periodicities, measures the de-correlation of the long- 
term (6 to 10 minute periodicities) phase fluctuation. 

The long term fluctuations are believed to result from 
long term temperature fluctuations of the medium of the 
Sound field, which reflect the medium movement in response 
to the passage of an internal wave. 

In the surface mixed layer, ἘΠΕ temperature, salinity 
and bulble microstructure is random; Skudweays ва s 
scribes this random distribution as "temperature patches" 
of varying sizes. On the other hand, since the work of 
Woods (1968), a picture of the more stable thermocline 
has evolved. The thermocline is said to consist of 
alternate sheets of high temperature gradients (order of 


cm. thick) and plates of low temperature gradient water 
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ferder of a meter thick), both parallel to the sea surface. 
If a volume of this well structured thermocline water is 
Ed vemstically.into and out of a sound field with an 
approximate periodicity, as in response to the passage of 
an internal wave, the sound speed fluctuation, and there- 
fore the phase fluctuations should reflect the periodic 
recurrence of particular temperatures. In contrast to 
this, consider the surface layer where the temperature 
structure is random. There will be only random recurrence 
Of particular temperature structures for the same long 
term medium movements since the motion of the well mixed 
layer has a superimposed random horizontal and vertical 
motion of the inhomogeneities. Hence, the long term 
(envelope) fluctuations of the autocorrelation function 
will decorrelate faster (will have a shorter correlation 
time) in the surface layer than in the thermocline. This 
behavior is in fact observed in the shorter correlation 
time of runs PH-5 which was located in the surface layer, 
and PH-4 which was located in the transition region be- 
tween the surface layer and the first thermocline, and the 
longer correlation times of runs PH-3 and PH-2, both of 


ШОС are located in a thermocline. 


E. 4 DIRECTION CORRELATION TIME VERSUS Y DIRECTION COR- 
RELATION TIME 
Tn runs PH-2 (31 ft, 65 kHZ) and PH-3 (25 ft, 65 КН?) 


which took place in the thermocline, the Z direction phase 
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fluctuations have a longer correlation time than the Y 
direction phase fluctuation; while in run PH-4 (18.8 ft, 
65 kHZ) which took place in the mixed layer, the Y and Z 
direction phase fluctuations have approximately equal 
correlation times. This may well be due to the presence 
of stable layered patches of isothermal water in the thermo- 
cline, and isotropically random patches of isothermal 
water in the mixed layer. As stated in Section IV.D, by 
defining the correlation time to be the time associated 
with the envelope decay, a correlation time is a measure 
of the stability of the medium over long term changes; 
in this case changes resulting from internal waves. Long 
term periodicities of a phase fluctuation depend on a par- 
ticular value of integrated sound speed recuring in the 
sound field at regular (long term) intervals. As previously 
mentioned, there is evidence that there are regions of 
thermocline "sheets" and "plates" parallel to the surface 
of isothermal water in the thermocline. 

If the medium undergoes vertical movement, the extent 
EE the periodicity of long term HEEE fluctuations in the 
Е EE оп fiu depend on a recurring isothermal plate 
at the Y axis, since the Y axis sound beam travels hori- 
 асайту through the isothermal plate. In contrast, the 
Z axis sound beam travels vertically through horizontal 
plates of isothermal water. The integrated sound speed over 
the path is the average temperature of the horizontal 


plates. Long term periodicities of the phase fluctuation 
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ο. πο 2 direction depend on the recurrence of an average 
Sound speed over one or more isothermal plates; such a 
periodicity in the Y direction depends on the recurrence 
E ê particular isothermal plate. 

Therefore, in a thermocline, where a fairly stable 
gradient prevails, long term phase fluctuations are more 
stable in the Z direction than in the Y direction because 
the orbital movement of the medium is less likely to cause 
deviations from a recurring average sound speed in the Z 
rection than in the ¥ direction. 

Note that for run PH-4 (18 ft, 65 kHZ) which was in 
the transition region between the thermocline and the mixed 
layer, the Y and Z correlation times are nearly equal. 

The mixed layer' is composed of randomly distributed patches. 
It is therefore equally likely to have an integrated sound 
speed repeated in the Y direction as in the Z direction. 

Thus, for the cases examined, sound phase correlation 
times are not isotropic in the thermócline, but are nearly 


isotropic in the mixed layer. 


E DIRECTION VARIANCE VERSUS Z DIRECTION VARIANCE 

Figure 28 is a graph of the variance of Y and Z 
rection phase fluctuations for runs PH-2 (31 ft, 65 kHZ), 
Ж ЕР 25 ІІ, 65 ЕН?), and PH-4 (18.8 ft, 65 kH2). The 
Variance of a time record is defined as the zero lag value 
of the autocovariance function. Because of the sharp 


initial drop in many of the autocovariance functions due 
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to noise spikes, the value of the autocovariance function 
| = 0.16 or 0.32 seconds is a more accurate estimate 
of the variance than the + = 0 value. Therefore, in 
comparing the variances of the Y and Z direction fluctua- 
EE uS of runs PH-2,3, and 4, this corrected variance was 
used. 

Chernov (1960) has shown that the variance of a phase 
or amplitude fluctuation in a random medium is proportional 
to the length of the transmission path. “he Y and Z dire- 
ction paths were of different lengths, and although 
Chernov's assumptions are not fulfilled in the thermocline, 
all variances were normalized to one meter by dividing 
each variance by its path length. The corrected and nor- 
Malized variance versus run depth is plotted in Figure 28. 
The Y direction variance is always greater than the 2 
direction variance. This may also be due to the layered 
Structure of the medium. If horizontal plates of various 
thicknesses are moving through the sound field due to 
orbital motion, the integrated phase fiuctuations will be 
More sensitive to a vus ea ee in the Y direction 
Em in the Z direction, Messe the Y direction sound 
beam passes horizontally through a horizontal isothermal 
"plate". A small movement could shift a new "plate" and 
therefore a sharp temperature change into the Y axis, 
while the integrated speed and temperature over the Z 


direction would not be so greatly effected. 
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ВЕ direction variance of the phase fluctuations for 
Eon PH-5, which took place in the surface mixed layer, is 
much greater than the variances of runs PH-2, PH-3, and 
PH-4. This is an expected result due to two characteristics 
of the surface mixed layer: the random orientation of 
temperature patches and the presence of bubble populations 
which have been found to be resonant at 65 kHZ. (Rautmann, 
END, Fitzgerald, 1972) 

It is concluded that the variance of the phase fluc- 


tuation in the thermocline is not isotropic. 


С. CORRELATION OF PHASE AND AMPLITUDE FLUCTUATIONS 
Chernov (1950) has derived expressions for the temporal 
autocorrelation function of the phase and amplitude fluc- 
tuations of a Ma beam in an isotropic, stationary random 
medium. He concludes that the temporal autocorrelation 
function of the phase fluctuations equals the temporal 
Eutocorrelation function of the amplitude fluctuations. 
The autocorrelation function of phase and amplitude fluc- 
tuations of this experiment can be compared to see how 
ely they approach the Chernov equality. 
In examining the autocorrelation functions, it will 
be noted that in many cases the autocorrelation function 
has a very steep initial drop at + = .6 seconds after which 
it decays more normally. It is believed that this sharp 
initial drop is due to extransous, widely spaced noise 


Spikes, as explained in Section IV C.1l.b. Therefore, 
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in comparing phase and amplitude fluctuations, the effects 
of the extraneous spikes should be removed from each func- 
MON prior to comparison. This could be done by taking the 
0.16 second or 0.32 second value of the autocovariance 
function as the normalizing factor in each case. This 
re-calculation of the autocovariance function was not done, 
mor lack of time, but a roughly equivalent correction was 
made, that of merely subtracting the initial drop from each 
of the autocorrelation functions. Figure 29 shows the 
autocorrelation function of the 2 direction phase and 

прот Сиде fluctuations from PH-8 for 65 KHZ, 26.8 ft.' 
depth. Figure 30 shows the same two autocorrelation func- 
mns with the initial drop subtracted from each function. 
It can be seen that the phase and amplitude fluctuation 
autocorrelation functions are very similar in this case. 
This is an example of excellent agreement between the phase 
and amplitude fluctuation aüŭütocorrelation functions. Figure 
31 shows the X direction phase and amplitude autocorrela- 
ENn functions from PH-7 for the 65kHZ, 44.2 ft. depth run. 
this case, the phase ЕО is greatly affected 

by extraneous noise Pu anc Бү high {frequency 
periodicities. The extraneous noice spikes cause the initial 
sharp drop at а Ju - 32 seconds. The high frequency 
periodicity is either high freqnency noise, or the effects 
of aliasing of high frequency noise. In either case, 

these high frequency signals are not caused by the effects 


of the ocean medium on the sound wave, as explained in 
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CORRECTED TEMPORAL AUTOCORRELATION FUNCTION 
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TEMPORAL AUTOCORRELATION FUNCTION 
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ESDOn IV.C.l.b; hence, these high frequency effects are 
not considered in this analysis. In Figure 32, the ex- 
traneous noise spike effect has been removed, and the phase 
autocorrelation function has been smoothed. It can be seen 
that the phase and amplitude autocorrelation functions are 
still similar in appearance, and have relative maxima and 
minima at about the same lag times. 

Other pairs of phase and amplitude autocorrelation 
с лоп5 аке shown in Figures 33 - 38. If the initial 
sharp drop is ignored, it will be observed that their 
behaviors are essentially the same. Thus, for the case 
observed here, it appears that the Chernov statement 
holds, to varying degrees. The reasons why the Chernov 
equality fails are: 1) the presence of different amounts 
of extraneous noise spikes in each signal causing a sharp 
initial drop, and 2) the presence of extraneous high 
frequency signals in one of both channels (noice), and 
most importantly, 3) the phase fluctuations are sensitive 
to long term temperature changes while the amplitude fluc- 
tuations are not. Chernov assumed that random inhomogeneities 
En the sound field were the sole cause of fluctuations; 
πε did not consider long term anisotropic temperature 
changes, such as those that result from the passage of an 


internal wave. 
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TEMPORAL AUTOCORRELATION FUNCTION 
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TEMPORAL AUTOCORRELATION FUNCTION 
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TEMPORAL AUTOCORRELATION FUNCTION 
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TEMPORAL AUTOCORRELATION FUNCTION 
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У. ELUSTONS 


The following conclusions are drawn based on the 


preceeding analysis: 


A. Phase and amplitude fluctuations of a 65 kHZ and 105 
kHZ sound beam in the surface layer of the ocean are caused 
by the motion of medium inhomogeneities of varying acoustic 
impedance in the sound field.  Inhomogeneity motion arises 
from two main sources: 

1. Orbital motion of the medium in response to surface 
wave action, and 

2. Motion of the medium in response to the passage of 
internal waves. 

The dominant frequency components of the phase and 
amplitude fluctuations are those of the surface waves and 


Eternal waves. 


DEN The envelopes of the autocovariance functions of the phase 
fluctuations in a horizontal and в vertical sound beam of 

65 kHZ decorrelate (reduce to 1/e of their initial value) 
faster in the surface mixed layer than in the thermocline. 

It is believed that this is an indication of two character- 
istics of the mixed layer: the greater instability of the 
temperature structure in the mixed layer, versus that in the 
thermocline, and the presence of bubbles resonant at 65 kH2 


in the mixed layer. 
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En the thermocline, the autocovariance function of the 
phase fluctuations of a horizontal sound beam decorrelates 
faster than the autocovariance function of the phase fluc- 
ations of a vertical sound beam. It is believed that 
this results from a layered "plate" temperature structure 
of the thermocline. Therefore, the correlation time іп 

a πο! πε µε Me isotropic. 

Ши то the thermocline, the variance of the phase fluctua- 
meen Of а 65 kKHZ sound beam in the horizontal direction is 
greater than the variance of the phase fluctuations in the 
vertical direction. It is believed that this is a result 
оғ а layered "plate" temperature structure of the thermo- 
cline. Therefore, the variance in the thermocline is not 
msotropic. 

ШИ Ғтоп С. апа D. above, it is concluded that the medium 
in the thermocline is anisotropic. | 

Е. The autocorrelation function of the phase fluctuation 
approximately equals the autocorrelation function of the 
amplitude fluctuations for a 65 kHZ sound beam traveling 
through 1 meter of the surface T ET of the ocean. This 
result reinforces and extends the theoretical work of 
Chernov (1950) which predicted that the autocorrelation 
functions of the phase and amplitude fluctuations of a 
sound beam traveling through a random, stationary isotropic 


medium would be equal. 
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Vile PRECOMMENDATIONS FOR FUTURE EXPERIMENTS 


A. EXPERIMENTAL TECHNIQUE 

The results of this experiment demonstrate the feasi- 
bility of obtaining useful information about the micro- 
Structure of a volume of ocean water by studying the sound 
phase and amplitude fluctuations of sound passing through 
the volume. It also points out some of the pitfalls in 
making such measurements. For those who repeat this 
experiment, or perform — experiments in the future, 
the following recommendations are offered. 

1. Use differential amplifiers that are not limited 
to a low input voltage. This will allow operation well 
above many of the noise levels of the system. The PAR 113 
differential amplifier, although ideal from the point of 
view of internal electrical noise, was poorly suited for 
this purpose. 

2. To obtain any variance information from the am- 
plitude fluctuation records, the an gains must be known 
exactly (phase fluctuation measurements will not be effected 
by varying gains or voltage levels). Careful measurement 
of these gains, preferably before the experiment, is the 
only way to obtain such information. System gain measure- 
ments should be done with the detection circuit fully as- 


sembled, vice piecemeal. 
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B. AREAS FOR FUTURE INVESTIGATION 

1. Much more information can be gleaned from the data 
of this experiment. Analysis results of runs not pre- 
viously consideredare included as Appendix A. It is felt 
that further analysis of these data would be fruitful. 

2. Concurrent measurement of sound amplitude and phase 
fluctuation, particle velocity, and temperature in the 
sound field would shed more light on the relationship 
between medium motion and sound phase and amplitude fluc- 
tuation. By making such concurrent measurements of particle 
velocity, temperature, and sound phase and amplitude 
Fluctuation, it should be possible to deduce the role of 


E nant bubbles in the acoustic fluctuations. 
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APPENDIX A 
Analysis Results For Various Runs 


Table II lists the experimental runs which were 
analyzed by the computer programs CONVERT and ANALYSIS. 
Various outputs of this analysis are displayed throughout 
the body of the thesis. 

Appendix A contains the remainder of the analysis. 
This information is included to permit comparison with 
future studies in this field, and for further analysis 
of this data at some future time. A typical "set" of 
results for a given run are (1) Temporal Autocorrelation 
Bunction, (2) poner Spectrum Level, (3) Temporal Cross- 
Correlation Function, and (4) Coherence Function and 
Cross-Spectral Phase Angle. Some sets are not complete, 
as portions of them were displayed in the body of the 
thesis. 

Interpretation of these outputs is explained in Section 
IV-C. The ordinates of the cross-correlation function 


graphs are labeled incorrectly; they should be labeled as 


Ші Figure 13. 
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ОСА Е:=1. 006-01 UNITS INGH. 
ο 1.00601 UNITS INCH. 


PONER SPECTRUM LEVEL (DB) *-РМ, 2-РИ 
RUN PH-2, FILE 4 ΠΕ CONE 
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K-SCRLE-1.00£400 UNITS INCH. 

Y-SCRLE«1.00E-01 UNITS INCH. 
CHOSS-LORRELRTION FN,v-PM, c PU 
HUN FH-2, FILE 4 Ur CONS : 
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Qui 002 003 004 


ог 1. 008-01 UNITS INCH. 
A Ε.Ο τῇ UNITS INCH. 


GOMERENLE FUNCIION У-РМ, 2-РИ 


(NI! |! 


С) 
о | \ 
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| 1 
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A SLALE=1. 0086-01 UNITS INCH. 
ВАН ---2.006+02 UNITS INCH. 


CROSS SPECTRRL PHRSE RNOLE Υ-ΡΗ,έ- Γι 
RUN PH-2 
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es Chlds1.00E-01 UNITS INCH. 
V-SERLE-1.00F401 UNITS INCH. 


POWER SPECTRUM LEVEL (BB) Y-PM.Y-AM 
RUN PH-Z2, FILE 4 UF LONG 
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&-SCRLE-1.Q0F«00 UNITS INCH. 

V-SCRLE«2.00E-01 UNITS INCH. 
E955-CSBRELRTIOSN FN, Y-PM, Y-HM 
RUN PH-2, FILE 4 SF CONS 
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EUN E-1-008&-O4 UNITS INHCH. 
K --1. 00Е+00 Bern. 
COHERENCE FUNCTION Y-PH, Y-AM 
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X-SCRLE-1.00E-01 UNITS INCH. 
Y-SCRLE«2.00E«02 UNITS INCH. u 
GROSS SPECTRAL PHASE ANGLE Ү-РМ,У-ні 


RUN PH-2 
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Beeson &=2.00F+01 UNITS E 
“> = 2=-2. 002-01 UNITS INCI 


TEMPORAL GUTOCORREL ATION РМ, УМ, САНА 
HUN PH-2, FILE 4 OF CONS 
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K-SCALE=1. 00°-01 UNITS INCH. 

V-SCRLE-1.00E«01 UNITS INCH. 

PONER SPECTRUM LEVEL (DB) Y-HH.c-HM 
BEN PH-2. FILE 4 OF LOND 
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EO LAS 
S-SCALE=1.00E+00 UNITS ОН. 
m ccs -E-QL UNITS INCH. 


CROSS-CORRELRTION FN, Y-BM, é-HM 
HUN PH-2, FILE 4 SF LONG 
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EE ΠΕ 5 203 052 


ου τσ. Πως UNITS INCH. 
f-OURLE=1.006+00 UNITS INCH. 


LORERENGE FUNCTION Y-AM, @-AM 
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X-SCALE=1. 00F-01 UNITS INCH. | 
Y-SCRLE-2.00E4«02 UNITS INCH. | l E 
CRISS SPECTRAL PHASE ANGLE Y-AM. ¿AN 


RUN PH-2 
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X-SCALE=2. 00£+01 UNITS INCH. 
Y-SCALE=:2. 00501 UNITS INCH. 

TEMPORAL RUTOCORRELATION РН, <-РМ, с-НР 
HUN PH-2, FILE 4 OF CONS 
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ЕЕ -1. 008-01 UNITS INCH. 
ο ο -- | ΜΕΡΙ UNITS INCH. 


PONER SPECTRUM LeUrL (DB) &-РМ, С-НИ 
HUN PH-2. FILE 4 OF CONS 
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A-SCRLE«1.Q0F*00 UNITS INCH. 
Y-SCRLE«1.00F-01 UNITS INCH. 
CROSS-CORRELATIÓN FN, -PM <- 
RUN PH-2, FILE 4 SF CONS 
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Meese): 00F-0i UNITS INCH. 
= SChLE=1.00E+00 UNITS INCH. 


COHERENCE FUNCTION 2-РМ, 2-АМ 


t2 
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X-SCRLE«1.00F-01 UNITS INCH, 
Y-SCALE=2. 006402 UNITS INCH. x 
CROSS SPECTRAL PHASE ANGLE Z-PM) ¿An 


RUN PH-2 
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X-SCRLE«1.00E-01 UNITS INCH. 

Y-SCRLE-1.Q0E«01 UNITS ІНЕН. 4 
PONER SPECTRUM LEUEL (DB) Y-PM, Y-HM 
RUN PH-3. FILE 6 OF LONG 
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K-SCRLE=1.00E+00 UNITS INCH. 
¥-SCALE=1-00F-01 UNITS INCH. 
Bevo O-LGRRELAIT ION ΕΝ. РМ ТЕЋИ 
HUN FH-2. FILE 6 Úr LUND 
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&-SCRLE-1.Q00F-01 UNITS INCH. 
Y=SCALE=-1.00£+00 UNITS INCH. 
СОПЕНЕМСЕ FUNCTION  Y-PM,Y-AM 
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X-SCPLE-1.00F-01 UNITS INCH. 
V-SCPLE«2:00E«02 UNITS INCH. | 
CROSS SPECTREL PHASE ANGLE -ermi 


RUN PH-3 
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V-SDBLE«1.Q00F«01 UNITS INCH. 
PONER SPECTRUM LEVEL (DB) Y-PHM.c-Pl 
HUN PH-3. FILE b Ur LUND 5 
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X-SCALEs1.QQ&+00 UNITS INCH. 

Y-SCALE 2. 008-01 UNITS INGH. 
ÜOHOSS-CORHELR!TION FN,Y-PM, Z-PM 
RUN PH-3, FILE 6 UF CONS 
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X-SCALE:=1.00F-01 UNITS INCH. 
(-SEALE=1.O0F+00 UNITS INCH. 
LÜHERENCE FUNCTION, Ψ-ΡΗ, ἐ-ΡΗ 
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Pad T 
12 ο. DIS 
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je c^ 
~ < ve — 






am 
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и οσο UNITS INTA. 
πο 2 Ρα αρ BNTTS INCH. 


CROSS SPECTRAL PHASE ANGLE У-РМ, 2: 


RUNE PH-5 
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K-SCALF:2.00F+01 UNITS INCH. 

Y-SCALE#2. 008-01 UNITS INCH. | 
TEMPORAL AUTOCORRELATION EN, Y-AM, ¿AN 
HUN PH-3. FILE 6 OF CONO 
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A=SCPLE=1. 008-901 UNITS INCH. 

Y-SOPLE=1.09€+01 UNITS INCH. 

POMER SPECTRUM LEVEL (DB) Y-RHh,éc-hM 
RUN Ph-3, FILE & GF CONS 
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K-SCRLE«1.Q0F«00 UNITS INCH. 

¥-SCALF=5.00F-02 UNITS INCH. 
CROSS-CORRELRTION FN, Y-HAM, Z-HAM 
RUN PH-3, FILE 6 Ur LOND 
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КО ποσα UNITS INCH. 

ΠΤ 1.111:00 UNITS INCH. 

COHERENCE FUNCTION ВМ, 2-АМ 
CH ALEXANDER 





X-SCALE::1.QUE-G1 UNITS INCH. 

Y-SCALE-2.00°+02 UNITS INCH. | 

URUSS SPECTRAL PHASE ANGLE Ψὑ-ΗΗ, 6 ΞΕ 
CH ALEXANDER 


RUN PH-3 
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K-SCRLE-«2.Q00E«01 UNITS INCH. 
V-SCRLE-«2.00E£-01 UNITS INCH. 

TEMPORAL RUTOCORRELATION ЕМ, ж-ВМ, <-РМ 
MUN PH-3. FILE 6 OF CONO 
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4-S0°ALE=1. 008-01 UNITS INCH. 

¥-SCALE=1.Q0E401 UNITS INCH. 

POWER SPECTRUM LEVEL (DB) х-РМ,С-РМ 
RUN PH-3, FILE & UF CONS 
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A AOS +00 LNITS INCH. 

o USO. П0Е-02 UNITS INCH. 
CROSS-CORRELATION ЕМ, Х-РМ, 2-РМ 
RUN PH-3. FILE 6 OF СОМЕ 
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ΕΠΙ UNITS INCH. 
Y=ILALE=1.00€+00 UNITS INCH. 


GUHEHENLDE FUNCTION 
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ου 12 ΡΕ UNITS INCH. 


5:62 UNITS INCH. 
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CROSS SPECTRAL PHASE ANGLE ж-РМ,4-РМ 


RUN PH-3 
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K-SCOLF«2.Q00E«01 UNITS INCH. 
ЙЕСІНІ с: E ο ο) το INCH: 


TEMPORAL RUTOCORRELATION РМ,ж-БМ, Ұ- DM. 
HUN PH-3. FILE 6 OF CONS 
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| Ju 0.2 023 024 
Y-PY 


беба Беј, ОДЕ-01 UNITS INCH. 
V-SCPLE-1.00F«01 UNITS INCH. 

ROMER SPECTRUM LEVEL (LB) х-Р. У-РМ 
RUN FPH-3, FILE Б GF LND 
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E RALE=1>0052+00 UNITS INCH. 
MRS SALE=5. 0028-02 UNITS INCH- 


CROSS-CORRELRTION FN,XX-PM,Y-PM 
HUN PH-3. FILE 6 OF CONO 
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X-SCPLE-«1.00F-01 UNITS INCH. 
V-SCPLE«1.00E«00 UNITS INCH. x 
CLOHERENCE FUNCTION  я-РМ,У-ВМ 
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S / \ 
ce 
о x / 
22 on 122 | 122 


X-SCRLE«1.00£-01 UNITS INCH. 
Y-SCRLE«2.00£402 UNITS INCH. 
CROSS SPECTRAL PHASE ANGLE X-PHM,*Y-P 
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-222 
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RUN PH-3 
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X-SCALE=2. 00E+01 UNITS INCH. 
7-5СНІЕ-2.00Ғ-01 UNITS INCH. = | 
TEMPORAL RUTOCORRELATION EN, 2-PM, ¿AN 
RUN PH-3. FILE 6 Or CONO 
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K=SCPLE=1. 00-01 UNITS. INCH. 
Ү-5СРІЕ-1.00Ғ-01 UNITS INCH. 
POWER SPoOTRUM LEVEL 
RUN PH-3, РНЕ б GF LON 
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K-SCALF=1-00£+00 UNITS INCH, 
Y-SCALE=5. 00€ -02 UNITS INCH. 
CROSS-CORRELATION EN, ¿-PM, ¿AN 
HUN PH-3. FILE 6 ÜF COND 
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K-SCPLE-1.00E-01 UNITS InbF. 
V-SOPLE:-1. 006400 UNITS INCH. 


COHERENCE FUNCTION  é-PH. é-hH 





ВЕСНЕ: E Ep ONIS ING. 
Но А 2 - 2. О02+02 015 10. 


UROSS SPECTRAL PHASE ANGLE Z-PHM.c-H" 
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A-9UALE=1. 00-01 UNITS INCH. 
Y-SCRLE=1.00E+01 UNITS INCH. 


PONER SPECTRUM LEVEL (DB) Z-PM, Z-AM 
RUN PH-4. FILE ? OF CONG 
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ATSCALE--4. 00£+00 UNITS INCH. 
б ООШ 1. 005-01 UNITS INCH. 


CRU SS-CORRELHIT ION Th FPM: -AM 
SUN PH-4, FILE 7 OF CONS 
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ОДА 2 =] ОЈЕ-ЉОЈ UNITS INCH. 
Y-SULRLE=1. 00£+00 UNITS INCH. 


BORERENLE FUNLIION 2-РМ, 2-и 
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X-SCALE=1.00E-01 UNITS INCH. 
Y-SCALE=2.00F+02 UNITS INCH. 
CROSS SPECTRAL PHASE ANGLE, Z-PM, Z-AM 


RUN PH-4 
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X-SCALE=2.008+01 UNITS INCH. 
Y-SCALE=2.008-01 UNITS INCH. 
TEMPORAL RUTOCORRELATION ЕК, Х-РМ, С-РИ 
HUN PH-4, FILE ¢ OF CONS 
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X-SCRLE=1-00E-01 UNITS INCH. 
vY-SCRLEs1.00E«01 UNITS INCH. | 
POWER SPECTRUM LEVEL (DB) А-РМ, 4-ги 
RUN PR-4, Fite е OF CONS 
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X-SCALE=1.00F+00 UNITS INCH. 
¥-SCALE=5. 00-02 UNITS INCH. 
CROSS-CORRELATION FN, x-PM,¢-PM 
RUN PH-4, FILE Y Or CONS 








X-SCALE=1.00£-01 UNITS INCH. 
Y-SCALE=1.90E+00 UNITS INCH. 
LOAERENGE FUNCTION  «-РМ, Е-РИ 





^^ 
N 





-9‹2 
- 


X-SCRLE-1.00E-01 UNITS INCH. 
Y-SCALE=2.00E+02 UNITS INCH. | | 
CRESS SPECTRAL PHASE ANGLE. X-PM, е-РМ 


RUN PH-4 
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MOL ALE=2.005+01 UNITS INCH. 
EUH -r-2.008-01 UNITS INCH. 


TEMPORSL RUTOCORRELRTION FN, x-AM, Y-AM 
HUN PH-4. FILE ? OF CONO 
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X-SCPLE-«1.00E-01 UNITS INCH. 
Y-SCRLE=2.00F+01 UNITS INCH. 

POWER SPECIRUM LEVEL (08) x-=AM, Y-AM 
HUN PH-4. FILE ? Or CONS 
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K-SCRLE-1.006400 UNITS INCH. 

v-SCRLE-«5.00E-02 UNITS INCH. 
CROSS-CORRELRTION ΕΝ» Ἀ-ΗΠ» ὙΓΠΡ 
HUN PH-4, FILE й OF CONG 
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K-SCRLE=1.00E-01 UNITS INCH. 
7-SCRLE=1.09F+00 UNITS INCH. 
COHERENCE FUNCTION Ἀ-ΞΗΠ ΥΓΗΠ 





R-SCBLE::1. 90E-01 UNITS INCH. 
Y-SCALE: | QOF+02 UNITS INCH. 
CROSS SPECTRAL PHASE ANGLE. X-AM, Y-4M 


RUN PH-4 
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N-SCPLE-S2. 006401 UNITS INCH. 
Y-SCALE=2.00F-01 UNITS INCH. x 
TEMPORAL RUTOCORRELATION EN, AM, ¿AN 
HUN PH-4, FILE 7? OF CONG 
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БО f=, OOF-91 UNITS INCH. 
Y-SCPLE=2.00F+01 UNITS INCH. 

РОМЕН SPECTRUM LEVEL (LB) AM, ¿HN 
RUN а, FILE ¢ Ur LOND 
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X-SCPLE-1. 008400 UNITS INCH. 

Y-SCALE=1. 005-01 UNITS INCH. 
CROSS-CORRELATION ЕМ, AM) ¿AM 
HUN PH-4, FILE 7 Úr CONO 
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..-----ῃ! UNITS INCH. 
¥—SCRLE=1.00E+00 UNITS INCH. 


COHERENCE FUNLIION А-НМ, =ҺМ 
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г 1. 006-01 UNITS INCH. 
ου... οκ UNITS INCH. 


CROSS SPECTRAL PHASE ANGLE. %-AM, ¢-HM 
RUN PH-4 
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X-SCRLE-2.00E«01 UNITS INCH. 
Y-SORLE=2.00E-01 UNITS INCH. 

TEMPORAL RUTOCORRELATION FN, Y-RM, d-AM 
RUN РА-А, FILE 2 Ur CONS 
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X-SCRLE-1.00E-01 UNITS INCH. 
v-SCRLE-1.00F«401 UNITS INCH. l 
PONER SPECTRUM LEUEL (DB) Y-AM, ¿Am 
RUN PH-4, FILE 7 OF CONO 
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SE E=1.00E+00 UNITS INCH. 

Y-SCALE=1. 108-01 UNITS INCH. 
CROSS-CORRELATION FN, Y-EM, ¿-El: 
RUN Pha-4, FILE Y Or CONS 
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X-SCALE=1.00F-01 UNITS INCH. 
Y-SCALF=1.00E+00 UNITS INCH. 
СОНЕНЕ МСЕ FUNGTION  Y-AM, ¿AN 





ο ας σι ορε-ο UNITS INCH. 
= - 2. ОЈЕ+0а UNITS INGH- 


CROSS SPECTRAL PRRSE ANGLE, Y-RM, ¢-AM 


RUN PH-4 
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X-SCRLE-«2.00E«01 UNITS INCH. 
Y-SCRLE«2.00E-01 UNITS INCH. x 
TEMPORAL RUTOCGRRELATIGN РМ, РМ, УРА 
HUN Ph-4, FILE ὁ Or CONS 
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<-SCALE=1.008-01 UNITS INCH. 
¥-SCALE=1-Q0£+01 UNITS INCH. 
POWER SPECTRUM LEVEL (DB) Xx-PM, Y-2M 
RUN PH-4. FILE ὁ г СОМ 
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X-SCRLE-«1.00E«00 UNITS INCH. 
Y-SCRLE-«5.00E-02 UNITS INCH. 
CROSS-GGRRELAT ION ЕМ, У-РМ 
HUN Ph-4. FILE ? Ür CONO 
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2-SCALE=1.00E-01 UNITS INCH. 
Y-SCALE=1.00E+00 UNITS INCH. 
LÖHERENGE FUNCTION х-РН, У-РМ 
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K-SCRLE-1.00E-01 UNITS INCH. 
Y-SCALE=2. 00E+02 UNITS INCH. 
UROSS SPELIRAL PARSE ANDLE, A-PM, Y 


RUN PH-4 
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X-SCALE 2. 00F+01 UNITS INCH. 
V-SCALF=2.00F-01 UNITS INCH. 

TEMPORAL AUTOCORRELATION FN, Y-PM,Y-HM 
RUN PH-4, FILE 7 OF CONG 
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X-SCPLE«1.00£-01 UNITS INCH. 
&-SCBLE«5.00F«00 UNITS INCH. 
POMER SPECTRUM LEVEL (08) Y-PM,Y-AN 
RUN PhH-4, FILE 7 Ur LONG | 
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X-SCRLE-1.00E«00 UNLTS INCH. 

V-SCRLE-5.00E-02 UNITS INCH. 
UROSS-LORRELRT ION FN, Y-PHM, Y-AM 
HUN PH-4,. FILE 7 UF CONG 
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X-SCRLE-«1.00E-01 UNITS INCH. 
Y-SCALE=1.00E+00 UNITS INCH. 
LÖRERENGE FUNGTION Τσ, Υπ 





X-SCRLE-1.Q0F-01 UNITS INCH. 
«-SCRLE-2.00E«02 UNITS INCH. | l 
CROSS SPECTRAL PHASE ANGLE, Y-PM: V-AM 


RUN PH-4 
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X-=SCALE=2.008+01 UNITS INCH. 

Y-SCALE=-2. 0098-01 UNITS INCH, I m 
TEMPOREL RUTOCORRELRTION FN,Xx-PH, X-H 
HUN PH-4, FILE ¢ Or CONS 
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X-SCPLE«1.00E-01 UNITS INCH. 
V-SCPLE«1.00F«01 UNITS INCH. x | 
ROMER SPECTRUM LEVEL (ОВ) A-PM, A-AM 
RUN FA-4, Flee 7 OF CONG 
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X-SCRLE-1. 00E«00 UNITS INCH. 

Y-SCRLE«5.00E-02 UNITS INCH. 
CROSS-CORRELHT ION FN, X-PM, X-HM 
HUN PH-4, FILE 7 OF LUNG 
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K-SCALE=1.00F-01 UNITS INCH. 
Y-SCALE=1.90£+90 UNITS INCH. 
LGACRENGE FUNCT IGN a-PM, AM 





X-SCRLE:1. Q0E-01 UNITS INCH. | 
V-SCRLE-2.00E«02 UNITS INCH. ` | 
CROSS SPECTRAL PHASE ANGLE.» ce r EN 


RUN — PH-4 
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a 





age s / 20 023 054 


ο 
ου. «ρε UNITS INCA. 
feeder =i. J0E+01 UNITS INDE. 


POWER SPEGTRUM LEVEL (0681 А- РМ, ¢é-PM 
HUN FH-o. FILE 8 Е ИМ 


168 





Jeo 


022 


038 


кл 
H 
{2 
too 
с> 
C 
~ 
- 


025 


%-SCHLE=-1.OOE+00 UNITS INCH. 
ΙΓ. ὑπ ΠΕΠ. 


URÜSS-LÜRRELRT ION ep 
HUN FH-o. FILC & Gr LONG 


69 


8 





X-SCRLE-1.00E-01 UNITS INCH. 
Y-SCRLE-«1.00E«00 UNITS INCH. | 
COHERENCE FUNCTION PM, ¿PM 


ΙΙ ΟΠΣ 


ےا 





«-SCBLE--1.Q0F-01 UNITS INCH. 
V-SCRLE-2.00£«02 UNITS INCH. 
CROSS SPECTRAL PHASE ANGLE. 4-PM, c-PM 
Сн ALEXANDER | 


RUN PH-5 | 


170 











908 





СЕСИНЕ 2- 006+01 UNITS INCR- 
EE 2BF-OL UNITS INGA: 


TEMPORAL RUTOCORRELRTION FN.X-RHM,v-RM 
ΤῸΝ FH-o. FILE 6 OF CONS 








X-SCPLE-1.00F-01 UNITS INCH. 
¥-SCALE=2.00F+01 UNITS INCH. 

POWER SPECTRUM LEVEL (DB) «-АМ, У-АМ 
RUN Вн-о» ЕПЕ ο UF CONS 


172 











ο ο 1 00. ο UNI IS INCH. 
zZ eenre=1.00E-0L UNITS БА. 


CRUSS-CORRELATION é mi 
RUN СЕ 8 Ur CONO 





955 
ك‎ 
£3 
Uy 
~ 
са 
Be 
n 


ВЕ -1. 9002-01 UNITS INCH. 
. 2 =]. ООЕ+00 UNITS INCH. 


COHERENCE FUNCTION X-AM, Y-AM 


955 


Ж 051 


| Ar. | 
gc 4 032 | 003 025 / 


A-SCBLE-1.Q0Q0E-O01 UNITS INCH. 
Y-SCALE=2.008+02 UNITS INCH. 


CROSS SPECTRAL PHASE ANGLE. X-AM, YAM 


RUN PH-5 


174 





093 


995 


\ V-AM 
= V N ұш” - АИ C C C C 
р S | Z : 


zu 0DE«OR UNITS INCH. 
ји о = 2 ОЈЕ-ОЈ UNITS INCH, 


TEMPGRAL AUTOCORRELATIGN FN, Y-AM, GB 
RUN PH-o, FILE 8 UF CONS 





392 


522 


X-SCRLE-1.00E-01 UNITS INCH. 

v-SCBLE-1.00E«01 UNITS INCH. 

PONER SPECIRUM LEVEL (DB) Y-RM, é-HM 
HUN PhH-o. FILE 8 Ur COND 


176 





-092 


ЕЕ - № 00F +00 UNITS INCH. 
МЕ ЭВЕС =: 0205-01 UNITS INCH. 


CROSS-CORRELATION FN,Y-AM, 2-AM 
RUN PH-5, FILE 8 OF CONG 





292 


2862 


X-SCRLE-1.Q00E-01 UNITS INCR- 
Y-SCALE:=:1.00E+00 UNITS INCH. 


COHERENCE FUNCTION  Y-AM, ¿AN 


ЗМ UL 
Wi + 


о о = „ООЕ-ОЈ UNITS INGH. 
РА -2-00C+02 UNITS INCH. 


CROSS SPECTRAL PHASE ANGLE, Y-AM, ¿-AM 


RUN РН-5 


178 





993 








. 


er 
O 
O = 
pe 

~ 
L)? 
О) 
* | 

y V | NW AZ Г 


a =2- DOE+01 UNITS INCH. 
И ο οσο] UNITS INCH: 


TEMPORAL RUTOCORRELATION ΓΝ» 2=н^ 
KUN Рн-о, FILE G Ur (0% 





ll 
сә 
O 


032 095 03% 


%-SLALE=1.00E-01 UNITS INCH. 
Y-SCALE=2.00E+01 UNITS INCH. 


PUNER SPECTRUM LEVEL (DB) «AM, L-ANM 
HUN PH=o, FILE 8 Ur CONG 





K-SCALE=1.00€400 UNITS INCH. 

Y-SCALE=5. 00E-02 UNITS INCH. 
CROSS-CORRELATIGN ЕМ, «-АМ, Е-НМ 
RUN PH-o, FILE & GF CONG | 





ο) 
000 001 002 Pog 054 


ELSDBEE-I.Q0E-Ol UNIIS INCH. 
Y-SLRLC-1. Q0C--00 UNITS INCH: 
COHERENCE FUNCTION x-AM, Z-AM 


bolt | A! 


X=SCALE:-4. 00E-01 UNITS INCH. 
YSCALE::2.00E+02 UNITS INCH. 


CROSS SPECTRAL PHASE ANGLE, -АМ, 4 2м 


RUN PH-5 


182 


033 


002 





X-SCALE=1.00E-01 UNITS INCH. 
-SCALE=1.00E+01 UNITS INCH. 

POWER SPECTRUM. LEVEL (08) «-РМ, s 
HUN PH-o. FILE 5 US 


183 


993 


202 


255 


“22 =. ОбЕ+-ОО υΝ τς TNA. 
SS UALLE=2.00€-01 UNITS ТЕ бе 


ULROSS-LÜHRELHTION FN, X-PH, ^-HM 
HUN PH=o, FILE 8 Ur CONO 


184 





O O е 


a 4 
Bee a AE 


X-SCRLE-1.00E-01 UNITS INCH. 
Y-SCRLE-1.00E«00 UNITS INCH. 
COHERENCE FUNCTION 


ESS 


ουσ 


КЕ СЕЕ Т. 06-01 UNITS’ INGE. 
ΙΙ ЕЕ 2006—02 UNITS INCHI 


CROSS, SPECTRAL PHASE 


RUN PH-5 


185 





s->M, S-RH 


PHAS 


ANGLE, х-РМ, х-ЯМ 





4-SECRLE-1.00E-01 UNITS INCH. 

Y-SCALE=1.00€+01 UNITS INCH. 

POKER SPECTRUM LEVEL (DB) Z-FM,; Z-RAM 
ВАНО, Fite OG Or CONS 


186 





002 


391 





ο ӨГІС-1.005-00 55115 INCH. 
E е < 1. ПОЕ-01 UNITS Νε. 


CROSS-CORRELATIÓN ЕМ, 2-РМ, <-НМ 
RUN PH-5, FILE 8 OF CONS 





035 


-922 


с зе 1. ЧОЕ-0? UNITS INGA. 
ОСВЕЕ 1. 006 +00 UNITS INCH. 


COHERENCE FUNCTION  ¿-PM, e n" 


беу 
| gor | 02 ~ 393 02 


Пе ЕЕ-!. 0202-01 UNITS INGH. 
-2.ΒΕ:02 UNITS INCH. | 
CROSS SPECTRAL PHASE ANGLE. Z-PM, 2-AP 


RUN PH-5 


188 





Јев 


moi 





003 


ους ερ. UNITS INCH. 
ECHEE-2.00E-QO1 UNITS INCH- 


TEMPORAL RUTGCORRELATION EN, Y-PHM, R 
HUN PH-5, FILE Y Or CONG 


Че usse 
2.- 5. ate 


189 


092 


EL 





МУ 022 222 024 


X-SCRLE-1.Q00E-01 UNITS INCH. 

V-SCRLE-1.00E«01 UNITS INCH. 

POWER SPECTRUM LEVEL (DB) У-РМ, Г m 
RUN PH-6, FILE 9 Or CONO 





253 


ВЕ 1. ПОЕ+00 UNITS INCH. 
о Е-2. В0Е-01 041175 INCH. 


Eee CORRELATION FN, Y-PHM, -PM 
HUN РА-Б, FILE 9 UF- CONG 


199 





| ға NE 
vc 


lis MEM 177 ——— 
~ ~ г 


222 


пари. [00Е-01 UNITS INCH. 
Е 1. СОЕ +00 UNITS INCH. 


СОНЕВЕМСЕ FUNCTION У-РМ, 2-РМ 


г) 

[3 

с> E FEN 
үлт nt „з 2) 
vu Ll „ә 


-902 


Ни Е =. ООБ-01 ОМ INCH. 
Мо ==. ОДЕ+ЈЕ UNITS МЕН. 


ο SPECTRAL PHASE АМОШЕ “σσ 3 
RUN PH-6 


192 








hp 2 
M -PH 
Ne 
023 


ϱ) 

O 

(О ' 
ша” 





XA 
| К 
| M us Мм 


<-SCALE=2.Q0£+01 UNITS INCH. 
V-SCRLE«2.00E-01 UNITS INCH. x 

TEMPORAL RUTOCORRELATION ЕМ,ж-РМ,2-РМ 
RUN PH-6, FILE 9 Or COND 





ΠΠ 





L ee ee en До ЖА АЕА аа а= 
052 | TER ПС? 0 jn 
Cd dnd cud curn. e TN 


ЕЕЕ В. [(0Е-01 04115 INCA. 
ша оо ОПЕ+00 UNITS INGA. 


PÚUNER SPECIRUM LEVEL {ΠΒ} C Ti Еш 
HUN PH-95. FILE 9 UF LONG 


194 





X-SCALE=1.00E+0Q UNITS INCH. 
V-SCRLE-«1.Q0E-01 UNITS INCH. 
CROSS-CORRELATIÓN ЕМ, Х-РМ, С-РМ 
RUN PH-6, FILE 9 OF LUNG 








ο ους ες. ους UNITS INCH. 
"MESCRALE=1.00E+00 UNITS INCH. 


CÓMERENCE FUNCITÓN о х-РМ, СРИ 


-052 


X-SCRLE-«1.Q00E-01 UNITS INCH. 
V-SCRLE-2.00E«02 UNITS INCH. 
CROSS SPECTRAL PHASE ANGLE. A-PM, 2=РМ 


RUN PH-6 


196 


083 





s-SCALE=2. 00F+01 UNITS INCH. 

V-SCALE=2.00E-01 UNITS INCH. 

TEMPORAL RUTOCORRELATION РМ, х-РМ, я=нм 
HUN PH-6. FILE 9 Or LONG 





. 


X-SCALE=1.00F-01 UNITS INCH. 
V-SCRLE«5.00E«00 UNITS INCH. 
POWER SPECTRUM LEUEL (05) л B 
RUN PH-& FILE 9 UF CONG | 








X-SCALE=1.00E+00 UNITS INCH. 

V-SCALE=5.00E-02 UNITS INCH. 
CROSS-CORRELATION ЕМ, А-РМ, А-АМ 
RUN PH-6, FILE 8 Ur CONO 





K-SCALE=1-00F-01 UNITS INCH. 
Y-SCRLE-«1. 006400 UNITS INCH. 
COHERENCE FUNCTIGN  A-PHM.m^«-HHM 





ΙΙ | ОВЕ-ОЈ UNITS INCH. 
ве. ПОЕ+02 UNITS INCH. 


GROSS SPECTRAL PHASE ANGLE, Х-РМ, ^-АМ 


RUN РН-6 


200 





МЕ 
Vo Yana 


O | ^v gom 


022 ος ὁ i 024 05 023 


ли 2. 00E+01 UNITS INCH. 
оре ТЕ = 2. ОЈЕ-ДО1 UNITS ІНЕН. 


TEMPORAL RUTOCORRELATION FN. Y-PHM, Y-AN 
HUN PH-5. FILE 8 OF LUND 


201 








K-SCRLE-1.Q0E-01 UNITS INCH. 
V-SCRLE-1.Q0E«01 UNITS INCH. 

POWER SPECTRUM LEUEL (DB) Y-PM,Y-AN 
RUN PH-6, FILE 9 Ur CONO 


М ЭСАГЕ:-1. 00Е+00 UNITS INCH. 
аа ва Ме << |. ПОЕ-01 UNITS INCH. 


GROSS-LORRELHI ION FN, Y-PM, Y-AM 
МЫ PH-5. FiLE-9 Ur LUNG 





a AT SOS AN 
022 dos 022 293 πα. 


X-SCRLE-i.Q0E-01 UNITS INCH. 
Y-SCALE=1.008+00 UNITS INCH. 
COHERENCE FUNCTION Y-PM, Y=AN 





-522 


не 1. 00-01 UNITS INCH. 
vV-SDRLE-2.00E«02 UNITS INCH. 


CROSS SPECTRAL PHASE ANGLE, Y-PM, YB 
RUN РН-6 


204 





ГА x 


у-рм 
X-PM 
209 | το. 036 028 


x-SCALE=2.00E+01 UNITS INCH. 
Y-SCALE=2.00E-01 UNITS INCH. 

TEMPORAL AUTOCORRELATION FN. X-PM, ὑ-5Π 
HUN PH-6, FILE 9 OF CONO 


205 


<-5CALE=1.00F-01 UNITS INCH. 
V-SCRLE-S. Q0E«00 UNITS INCH. 
POWER SPECTRUM LEVEL (DB) Ἀ-ΡΗ, ὑ-5Η 
HUN PH-5. FILE Y Ur GUNS 





K-SCALE=1.00£+00 UNITS INCH. 

V-SCRLE-1.00E-01 UNITS INCH. 
GROSS-CORRELHI TON ЕМ, ^-РМ, У-РМ 
HUN PH-6, FILE 83 Ur CONG 





С) 
e E^. — LAA ΤΡ 
пас 05} 722 022 024 


X-SORLE-1.00E-01 UNITS INGH. 
v-SCGRLE:-1.00E«00 UNITS INGH-. 


COHERENCE FUNCTION 





ουν 1-C0t-Ol UNITS INCH: 


ΙΙΙ ?.(ОЕ+02 UNITS INCH. 


CROSS SPECTRAL PHASE ANGLE, X-PM, Y-PM 


RUN PH-6 


208 





О 
о 
O 


w се 





я-21-11-2.00Ғ-01 UNITS INCH. 
v-SCRLE-«2.00E-01 UNITS INCH. 

JEMPORRL RUTOCORRELRTION ЕМ, м-РМ == 
HUN PH-?, FILE Lu OF CON 


209 





Bu nn 





= 
v До а ши 


&-SESLE-1. Q0E-0! UNITS INCH. 
Y-SCBEE 1. Q0E «01 ΠΠ» INCH: 
PØHER SPECTRUM LEUEL (DB) X-PH v-PH 
RUN PH-7. FILE 10 OF CON 6 | 


210 


054 


253 


> 
B 


| А 
/ 
d h р 
s 5 
SLE 


ο ρα ΕΣ] 


CROSS-CORRELAT IGN БМ, М-М, -Б 
HUN PH-7?, FILE 1d Or GUN 








SUELDO ΟΙ ο UE 
ΠΕΠ ΠΠ ΤΙ 


i 


211 





2 
a 
O 





Beedle 1-00-01 UNITS INCH- 
mb5HEERI.00E«00 UNTIS INDH. 


BOHERENLE FN. ^-PM.Y- 





N-SCRLE-1.Q0E-01 UHITS INCH. 
V-SCRLE«2.90€-02 UHITS !NCH. 
CROSS SPECTRAL PHASE ANGLE 


RUN РН-/ 


212 


C3 T LN ΄ 
с» E ` — 
ee — — ыл ш 
Е ο 002 299 


о в а, МИ 








ΠΕΡ 


352 





3e 2 MOE +01 UNITS INCH. 

КО -- 2. 00-01 UNITS INCH- 

TEMPOR E AUTOCORRELAT | ON ΓΝ.ν-Ρ|}» ΗΡΙ 
МА ο, FILE 10 Ur CONS 


213 








(Cm F-1. OCF-OL1 UNITS INCH. 
Па РЕНЕ = 1.006 +01 UNITS INCH. 


POWER SPECTRUM LEUEL (DB) Y-PM,Y-AM 
RUN PH-?. FILE 10 OF CUN 6 


214 





051 


20822 


ους 














ο ο ΕΙ. 
V-SCHLE: m 
ο 

<UN BH 


E«09 UNITS INCH. 
E-01 UNITS INCH. 

RRELRTION ΕΝΥ ΥΠ 
, FILE 10 OF CON 6 


00 
DOE 
UU 
г 


215 





x-SCALF=1.00E-01 UNITS INCH. 
Y-SCALE=1. 00E+00 UNITS INCH. 
LÜRERENGE FUNCTION Y-PM,Y 





=o - EE s ol ος 
| mU Na dz -| a А ^ 





X-SCRLE-1.00E-01 UNITS INCH. 
v-SCRLE-2.00€«02 UNITS INCH. 
CROSS SPECTRAL PHASE ANGLE. 


RUN PH-/ 


216 


Ж н: 
—s ar” 
022 os 02: а 


-ΗΠ 


EE 





99 


034 


2 


022 


X-SCRLE-2.00E«01 UNITS INCH. 

v-SCRLE-2.00E-01 UNITS INCH. 

TEMPORAL BUTOCORRELRITION FN.«-RM,.VY-&Rr 
RUN PH-7. FILE 10 OF CON Б 


217 


m 





352 





---- ------- 


002 7777023 . 


ο ου ο Ε.Ο UNITS INC. 
НОР Е-2. ОЈЕЊОЈ UNITS INGE. 


POWER SPECTRUM LEVEL 
RUN PH-?, FILE-10 OF 


218 


RAT ES <N vA 
жс М М ж. Е 


бж Π 
(DB) X-A 
CON 8 


5 


| 


|» 


U 


τν 


. -- τ] 





gez 


X-SCHLE-1.00E«00 UNITS INCH. 

¥-SCALE=1.Q0F-01 UNITS INCH. 
CROSS-CORRELATION FN. A-HM, Y-HM 
RUN PH-?. FILE LO Or CUN 65 


219 





τος 


-222 
^ 





En o cm ^ A к. m Ὁ 
5) 001 002 O БЕЧ 
MESURE E= νο. UNITS DNO. 
ο τι. ο UNITS INCH. 
UrEHENUE FUNCTION A-EM, Y- AN 


ου 00Е-01 UNITS INCH: 
ΜΙ 00-02 UNITS INCH: 


CROSS SPECTRAL PHASE ANGLE, -AM,) Y-HH 


RUN РН-/ 


220 











X-SC9LE=1. 906-01 UNITS INCH. 

V-SCRLE-1.00E«91 UNITS INCH. 

POWER SPEC [RUM LEVEL (0B) A-PMs Nair 
RUN PH-?, FILE ia OF CON О 


221 





029 





K-SCALE=1. 00E+00 UNITS INCH. 

V-SCRLE«5.00E-02 UNITS INCH. 
CROSS-CORRELATION FN, 4-PM, AN 
RUN PH-7, FILE 10 GF СБЧ Б 


20 2 








/ 
/ 
NA => спре > № жа, Ж 
ВЕ 1. 49-01 UNITS INCH, 
ο ο -| κ 1. 9007-40 ΠΠ, ΠΠ 


U 
М, РН, КВН 





X-SCRLE-1.Q0F-01 UNITS INCH. 
v-SCRLE«2.00£402 UNITS INCH. 
CROSS SPECTRAL PHASE BNDLE;«-PH.^ 


RUN РН-/ 


223 


-AM 





038 





> 
D 
(7 
сч 
3 
о 
єз 4 
е 
A 
Joa 002 | 094 905 ССЗ 


A-OURLE=2.00F+01 UNITS INCH. 
ΞΘ UNITS INCR: 


TEMPORAL RUTOCORRELRTION EN, YP 2-2 
RUN PH-3 FILE 11 GF CON 6 


224 








002 — Uem Dun 
ον | у-рм 
Zu 
РМ 


X-SCALE=1. COF-01 UNITS INCH, 

¥~SCALE:-2.00F+01 UNITS INCH. | 
POWER SPECTRUM LEVEL (DB) Y-PH сем 
RUN PH-85. FILE 11 OF CON Ὁ 


225 





N 
a 932 605 084 


GOD 980 200 сәс -- 


226 





Par 


a) E | 

г» 

ААА “> ο. 
acc ΠΩ - 


4 
poe 0:2 cuy 03, 


“ο 


CALE=1.00£-01 UNITS INCH. 
eet +00 UNITS ING. 


қ 
¿SCA 
LÖHERENGE. FUNCT LON Е. 


Ὁ 
S 





ОМУ TAES: 
311 591 ЕЕ 


TRAL PHASE ЭМЕГЕ, “== ΣΕ 


= 


RUN РН-8 


229 








ο. 
103 ue 
Nun 
oou dh 


س 





2022 


*1.00E-01 UNITS INCH. 
F«1.00E«01 UNITS INCH. 
P Ol r a SPEC TRUN . 
RUN PH-8. РНЕ 11 Û 





228 








tE. 007+00 UNITS TALA. 
ιο UNITS INCH: 
CROSS-CORRELATION FN, 2-PH. 2-AM 
RUN PH-11 FILE 1i GF CON 6 


223 





ж им | 
N УЕ кыс ы БЕ "НЧ 
5 ~ 


1. 00F-01 UNITS, INCH. 
2. 00F+02 UNITS INCH. 
CROSS SPELTRAL ща ЈЕ 





ANGLE, Z-PM, Z-AM 











N-SOBLE«1. 008-01 UNITS INCH 
v-SCRLE«2.COE «0i UNITS INGH 
POWER SPECTRUM LEVEL 1082 У-РМ,Х-АМ 
RUN PH-8, Fliz 11 Ur LUN O | 


231 





т 


825 


Cou 


X-SORLE-1.Q00£«00 UNITS INCH. 
v-SURLEs1.00E-01 UNITS INCH. 
CROSS-CURRELATIGN FN, Y-PM, Y-AH 
RUN PH-& FILE 11 OF CON 6 


282 











RN Е. ue à bu 
e E и \ > NE и کي‎ ``. Ж v ‘G4 
τας 024 


ча -11 UNITS INCH. 
лее + ПО UNITS E 
NONI: (^ 
Κ΄ NE C FUNG at OIN 





58 





| НА УЯУ 


ES 
| 
£ 
το 
a. 





mn 
“~ 


МОЈЕ 1. 002-01 UNITS INCR. 
V-SDRLE:-2.00E-02 UNITS INCH: 


CROSS SPECTRAL PHASE ANGLE, Y-2M Y-EM 


RUN РН-8 


233 
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1)**2)+19.827*(DAT411)*x3) 
2)*t253.08T* (DAT5(I)*-2) 
2)+83.1730*(DAT6( 1) **3) 
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